This paper starts with an introduction to the Onsager principle of minimum energy dissipation which governs the optimal paths of deviation and restoration to equilibrium. Then there is a review of the variational approach to moving contact line hydrodynamics. To demonstrate the validity of our continuum hydrodynamic model, numerical results from model calculations and molecular dynamics simulations are presented for immiscible Couette and Poiseuille flows past homogeneous solid surfaces, with remarkable overall agreement. Our continuum model is also used to study the contact line motion on surfaces patterned with stripes of different contact angles (i.e. surfaces of varying wettability). Continuum calculations predict the stick-slip motion for contact lines moving along these patterned surfaces, in quantitative agreement with molecular dynamics simulation results. This periodic motion is tunable through pattern period (geometry) and contrast in wetting property (chemistry). The consequence of stick-slip contact line motion on energy dissipation is discussed.
Introduction
The contact line denotes the intersection of the fluid-fluid interface with the solid wall. When one fluid displaces the other, the contact line moves along the wall (see figure 1) . As a classical problem in continuum hydrodynamics, it has been known for decades that the moving contact line (MCL) is incompatible with the no-slip boundary condition [1]-the latter leads to a non-integrable singularity in viscous dissipation [2] [3] [4] [5] . This MCL problem is directly related to the study of wetting dynamics: understanding the dynamics of fluids in the vicinity of the MCL is essential to a comprehensive picture for the dynamic wetting behavior of liquids on solid surfaces. 4 Author to whom any correspondence should be addressed.
The heart of the MCL problem lies in the boundary condition(s) at the fluid-solid interface.
In particular, molecular dynamics (MD) simulations showed that fluid slip indeed occurs at the MCL [6, 7] . Numerous models had been proposed over the years [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , but none was able to give a quantitative account of the fluid slip measured in MD simulations. In fact, there has been a lasting debate over the boundary conditions for a fluid flowing past a solid surface. In recent years, the Newtonian flows in confined geometries have received much attention, and numerous research efforts have shown that fluid slip occurs at the solid boundary in many circumstances [19, 20] .
MD simulations have proven to be instrumental in investigating the fluid dynamics in the molecular scale vicinity of the MCL. Through analysis of extensive MD data, we 0953-8984/09/464119+12$30.00 © 2009 IOP Publishing Ltd Printed in the UK
